Background. -Imaging is a key tool for the diagnosis of acute encephalitis. Brain CT scan must be urgently performed to rule out a brain lesion with mass effect that would contraindicate lumbar puncture. Brain MRI is less accessible than CT, but can provide crucial informations in patients with acute encephalitis.
Introduction
Acute infectious encephalitis can be a life-threatening condition, and may sometimes be cured if an early and appropriate treatment is initiated. Acute infectious encephalitis is caused by a large number of pathogens [(1-3) ]. Diagnosis is suspected on the basis of acute neurological symptoms and infectious signs, but it can be challenging in cases of atypical presentations. Brain imaging is crucial for the diagnosis of acute encephalitis. A brain CT scan must urgently be performed to rule out a brain lesion with mass effect that would contraindicate lumbar puncture. After lumbar puncture is performed, brain MRI is the modality of choice for acute encephalitis [(4) ]. Brain MRI allows for detecting abnormalities suggestive of the diagnosis, and sometimes even suggestive of the pathogen; it also estimates the extent of brain damage, that will condition the prognosis; finally, it rules out important differential diagnoses, such as cerebral venous thrombosis, stroke, posterior reversible encephalopathy syndrome, or brain tumor [(1) ]. In the present work, we reviewed the various MR findings in brain encephalitis using two successive and complementary approaches: we first reviewed the various MR abnormalities that can be associated with each pathogen, and we then reviewed the various pathogens that can be suspected for particular pattern of brain involvement on MRI.
Material and methods
We performed a PubMed search on April 1, 2015, using the search terms « MRI » and « encephalitis ». We retrieved 5,436 articles published between 1982 and 2015. We first reviewed the most recent 1,500 articles (i.e., from mid-2010 to 2015) to compile a list of pathogens involved in acute encephalitis and for which brain MRI studies were available. We then reviewed the articles that included the name of each pathogen. We excluded from this review the articles on differential diagnoses (paraneoplastic encephalitis, autoimmune or inflammatory encephalitis), those limited to neonate or children cases, those in which the infectious agent had not been formally identified, and those without MR imaging data. We also excluded non-original works (i.e., editorial, opinions). We also did not take into consideration articles focusing on HIV-related opportunistic infections, which are beyond the scope of our review. The final choice of articles and the references included are based on our judgment of their relevance to this subject.
Results
1. MRI findings in acute encephalitis: a pathogen-based approach a. Viral encephalitis
Herpes simplex virus (HSV) encephalitis
HSV encephalitis (HSVE) is the most common cause of infectious encephalitis [(1)]; it is a severe condition with 10-20% case fatality and a high rate of sequelae [(5,6) ]. Rapid diagnosis of HSVE is crucial, as delayed treatment is associated with poor outcome [(5) ].
Delay in brain imaging has been reported as an independent factor for delayed treatment [ (7)]. HSVE is predominantly caused by HSV type 1 in adults and by HSV type 2 in neonates.
Recent studies have shown that brain MRI has a high sensitivity for the diagnosis of HSVE, showing brain abnormalities in 80 to 100% of cases [ (1, 6, (8) (9) (10) ]; however, a normal brain MRI does not rule out HSVE diagnosis. Patients suspected of having HSVE may initially have a negative PCR for HSV but suggestive lesions on brain MRI, thus reinforcing the diagnosis of HSVE [ (6, (9) (10) (11) ]. HSVE typically affects the limbic system: most frequently the medial temporal lobes [(9)], but also the insular, cingulate and frontobasal cortex; lesions are unilateral in 64-68% of cases [(6) ]. Brain MRI typically shows area of T2 and FLAIR hyperintensities involving both the cortex and the white matter; areas of contrast enhancement can also be present. Basal ganglia are usually spared, although a few cases of basal ganglia involvement have been reported in HSVE [ (12, 13) ]. The frequent seizures associated with HSVE may also lead to reversible hyperintense FLAIR signal in the thalamus of patients [(14) ]. Isolated brainstem involvement is rare [(15) ]. Diffusion-weighted imaging (DWI) seems to be the most sensitive sequence for detecting HSV encephalitis at the acute phase, typically showing hyperintense lesions with restricted apparent diffusion coefficient (ADC) [(16-21) ]. In the subacute phase of treated HSVE (>10 days), the ADC decreases and DWI seems less sensitive than T2 and FLAIR imaging for lesion depiction [ (19, 21, 22) ]. Severe presentations of HSVE show cortical and subcortical hemorrhagic necrosis, characterized by hypointense T2* signal and T1 hyperintense laminar necrosis. Lobar hematoma is rare [ (23) (24) (25) (26) ]. Extensive lesions on MRI are associated with a poor prognosis [(6)].
Varicella-zoster virus (VZV) encephalitis
VZV encephalitis affects both immunocompetent and immunocompromised patients. 
Viral encephalitis of the traveler
These various pathogens do not require the administration of a specific treatment; thus, an MRI diagnosis is not as crucial as for other types of viral encephalitis.
Eastern Europe
Tick-borne encephalitis is caused by a flavivirus. On brain MRI, lesions predominate within the basal ganglia and the cerebellum [ Nipah virus is transmitted to human by mammals, especially pigs, and causes outbreaks in Malaisia, Bangladesh and India (70) . Brain MRI show small, multiple, corticosubcortical FLAIR-hyperintense lesions, sometimes hyperintense on DWI, sometimes hemorrhagic with hypointensities on T2-weighted images and hyperintensities on T1-weighted images (71, 72) .
Australia
Hendra virus is transmitted to human by horses. Brain MRI shows multiple T2 and DWI hyperintensities with restricted ADC, predominating in cortical and subcortical areas; 
Other less frequent ubiquitous viral pathogens
Influenza virus is a common pathogen that rarely causes encephalitis. Brain MRI may be normal or show non-specific changes within the cortex, white matter, basal ganglia, brain They may be caused either by a spread of TB from the leptomeningeal spaces to the adjacent parenchyma via the perivascular spaces, or by a hematogenous spread in cases of miliary TB. High T1 signal and low T2 signal within the solid portions of tuberculomas are suggestive of TB, but non-specific (also observed in fungal infections, lymphoma, and tumors with a high CSF cell count). The presence of lipid peaks on spectroscopy in necrotic TB lesions is non-specific (also observed in metastasis, glioblastoma, pyogenic abscess).
However, a normal brain MRI does not rule out acute TB encephalitis. The authors of a recent prospective study of encephalitis observed that 55% (6/11) of patients presenting with acute TB encephalitis for whom brain MRI was available had normal MRI findings (no abnormality, or non-specific FLAIR hyperintensities in the parenchyma) [(129) ]. This low sensitivity of brain MRI could probably be improved using appropriate sequences (contrastenhanced FLAIR sequence for detecting subtle meningeal enhancement, DWI sequence and 3D time of flight (3DTOF) for detecting acute ischemia and arterial stenosis).
Listeria monocytogenes
Listeria monocytogenes is a Gram-positive intracellular bacterium that penetrates the intestinal, blood-brain, and fetoplacental barriers. It has a specific affinity for the central 
Other less common bacteria
Borrelia burgdorferi is the causal agent of Lyme disease, a multisystem disorder predominantly affecting the skin, but it may also involve the central nervous system. Mycoplasma pneumoniae is a frequent cause of acute pneumonia, especially in children, and may cause encephalitis. Brain MRI is frequently abnormal, with preferential involvement of the brainstem, cerebellum, and basal ganglia [(156)]. acute onset, fever, and aphasia are more frequent in patients with HSVE than in patients with autoimmune/paraneoplastic encephalitis;
MRI findings in acute encephalitis
a normal brain MRI is rare in patients with HSVE, but frequent (40%) in patients with autoimmune/paraneoplastic encephalitis;
on MRI, diffuse insular and temporal lobe involvement, necrotic and hemorragic changes, sparing of basal ganglia are more frequent in patients with HSVE than in patients with autoimmune/paraneoplastic encephalitis;
on MRI, symmetrical lesions are more frequent in autoimmune/paraneoplastic encephalitis than in HSVE .
However, none of these findings can rule out HSVE.
Recently, it has been reported that HSVE patients may present a neurological relapse 1 to 3 months after the initial encephalitis, due to HSVE-induced autoimmune encephalitis associated with anti-N-methyl-d-aspartate receptor (NMDA-R) (160, 161) . This rare complication is important to diagnose, as it may be confused with a true HSVE relapse, but it requires specific immunotherapeutic treatments.
Glioma or gliomatosis cerebri may present as acute neurological symptoms and may mimic limbic encephalitis [ (157, 162, 163) ]. HSV1 encephalitis should always be considered on initial MRI. Lumbar puncture showing isolated mild pleocytosis, together with clinical and radiological follow-up, can correct the diagnosis.
b. Rhombencephalitis
The two most frequent infectious agents causing rhombencephalitis are Listeria monocytogenes and Mycobacterium tuberculosis [(164) ]. They should first be suspected in acute rhombencephalitis because of the need to initiate a specific treatment. The presence of leptomeningeal enhancement and/or brainstem abscesses reinforces the suspicion of Listeria or TB. The association with focal arterial narrowing and strokes specifically favors a suspicion of tuberculosis. Rhombencephalitis have also been reported in encephalitis due to Mycoplasma pneumoniae, HSV1 and HHV6 (15, 156) .
Behçet's disease is a frequent cause of acute rhombencephalitis and the main differential 
c. Acute encephalitis with ischemic lesions
The presence of acute ischemic lesions on brain MRI in patients with a suspicion of acute infectious encephalitis should first raise the possibility of an acute endocarditis.
Bacterial encephalitismay be associated with acute ischemic lesions [ (168) 
Conclusion
Brain MRI plays a crucial role in the diagnosis of acute encephalitis. It can demonstrate brain signal abnormalities and contrast enhancement, and reinforce a clinical suspicion of encephalitis, especially when identification of the causal agent by lumbar puncture is lacking.
A good knowledge of the MRI patterns of brain involvement can also help physicians in suspecting a particular pathogen. However, MRI patterns must be interpreted in light of the clinical context (frailty, immunosuppression, recent travel), and should always integrate the differential diagnoses, mainly related to vascular, tumoral and inflammatory causes. B : coupe axiale pondérée T1 après injection de produit de contraste montrant de multiples petits abcès du pont, avec un rehaussement annulaire (flèches).
